TRIM27 (tripartite motif-containing 27) was originally identified as a fusion partner with the RET (REarranged during transfection) proto-oncogene and is highly expressed in various tumor cells and tissues. However, the level of expression and function of TRIM27 in ovarian cancer remain unclear. Here we have measured the expression of TRIM27 in normal ovarian and fallopian tube epithelial cells and in ovarian serous carcinoma cells and correlated TRIM27 expression with clinical and pathological parameters. In addition, we detected the effect of TRIM27 knockdown on proliferation of ovarian cancer cells in cell culture and xenografts. The results demonstrated that TRIM27 was highly expressed in ovarian serous carcinoma cells, and TRIM27 expression was significantly correlated with metastasis and FIGO stage in ovarian serous carcinoma patients. Downregulation of TRIM27 expression suppressed the proliferation of ovarian cancer cells in cell culture and inhibited the growth of xenografts in nude mice. TRIM27 knockdown induced cell cycle arrest and apoptosis in ovarian cancer cells by upregulating the expression of p-P38 and downregulating the expression of p-AKT. Thus the present study suggests that TRIM27 could have important roles as an oncogene during the development of ovarian cancer and could serve as a diagnostic and therapeutic target.
TRIM27 (tripartite motif-containing 27) was originally identified as a fusion partner with the RET (REarranged during transfection) proto-oncogene and is highly expressed in various tumor cells and tissues. However, the level of expression and function of TRIM27 in ovarian cancer remain unclear. Here we have measured the expression of TRIM27 in normal ovarian and fallopian tube epithelial cells and in ovarian serous carcinoma cells and correlated TRIM27 expression with clinical and pathological parameters. In addition, we detected the effect of TRIM27 knockdown on proliferation of ovarian cancer cells in cell culture and xenografts. The results demonstrated that TRIM27 was highly expressed in ovarian serous carcinoma cells, and TRIM27 expression was significantly correlated with metastasis and FIGO stage in ovarian serous carcinoma patients. Downregulation of TRIM27 expression suppressed the proliferation of ovarian cancer cells in cell culture and inhibited the growth of xenografts in nude mice. TRIM27 knockdown induced cell cycle arrest and apoptosis in ovarian cancer cells by upregulating the expression of p-P38 and downregulating the expression of p-AKT. Thus the present study suggests that TRIM27 could have important roles as an oncogene during the development of ovarian cancer and could serve as a diagnostic and therapeutic target. Although ovarian cancer occurs less frequently than cervical or endometrial cancer, it is the most lethal of the gynecological malignancies. 1 Ovarian cancer patients can have symptoms prior to diagnosis, but these symptoms are shared with many more common benign conditions, making early detection difficult. As only 20-25% are diagnosed in stages I-II, the 5-year survival rate is still o30%. 2 The etiology and molecular mechanisms contributing to ovarian cancer are still not well known. Understanding the pathogenesis of ovarian cancer at a molecular level may aid in developing prognostic biomarkers and targets for more effective treatment against ovarian cancer. TRIM27 (tripartite motif-containing 27) belongs to the zinc finger protein superfamily, which contains a tripartite motif consisting of a RING finger, B-box zinc finger and coiled-coil domain. 3, 4 It was originally identified as a fusion partner with the RET (REarranged during transfection) proto-oncogene, which encodes a receptor tyrosine kinase; therefore, it is also known as RFP (RET finger protein).
TRIM27 exhibits oncogenic properties in mouse embryos NIH3T3 cells when its tripartite domain is recombined with the tyrosine kinase domain of the RET proto-oncogene by DNA rearrangement. 5 It has been reported that TRIM27 is detectable in male germ cells, peripheral and central neurons, hepatocytes and adrenal chromaffin cells. [6] [7] [8] However, it is highly expressed in various tumor cells and tissues, such as endometrial cancer, breast cancer and lung cancer. Furthermore, high-level expression of TRIM27 correlates with the proliferation, migration and chemosensitivity of some tumor cells and could act as a potential prognostic indicator in some cancers. [9] [10] [11] [12] The above results suggest that TRIM27 could be involved in the development and progression of tumor. However, its expression level and function in ovarian cancer remain unclear.
Ovarian cancers are classified according to their microscopic appearance. Among different types, high-grade ovarian serous carcinoma is the most common histological type of ovarian cancers and originates from epithelial cells of the ovary and fallopian tube. In the current study, we have measured the expression of TRIM27 in normal epithelial cells of the ovary and fallopian tube and in ovarian serous carcinoma cells. We have correlated TRIM27 expression with clinical and pathological characteristics of patients with ovarian serous carcinoma. In addition, we detected the effect of TRIM27 knockdown on proliferation of ovarian serous carcinoma cells in cell cultures and xenografts. The results demonstrated that TRIM27 was highly expressed in ovarian serous carcinoma cells, and TRIM27 expression was significantly correlated with metastasis and International Federation of Gynecology and Obstetrics (FIGO) stage. Downregulation of TRIM27 expression not only suppressed the proliferation of ovarian cancer cells in cell culture but also inhibited the growth of xenografts in nude mice. Therefore, the present study suggests that TRIM27 may be an important target for prognostication and possibly for treatment of ovarian cancer.
MATERIALS AND METHODS Patients and Tissue Samples
Fifty ovarian serous carcinoma patients aged 30-79 years (the average age is 50 years) were recruited from Jinan Central Hospital affiliated to Shandong University from 2001 to 2012. None of them had received radiotherapy or chemotherapy prior to surgery. Tumor samples were graded based on Gynecologic Oncology Group Criteria and staged in accordance with the FIGO system. Twenty-six normal controls, including 16 normal ovaries and 10 normal fallopian tubes, were acquired from patients without cancer aged between 35 and 65 years who had undergone surgical removal of the ovaries or fallopian tubes. The study protocol was approved by the ethical committee affiliated to Jinan Central Hospital of Shandong University, and informed consent was obtained from all the patients and controls. The characteristics of the patients are summarized in Table 1 .
Antibodies
Rabbit polyclonal antibody specific for TRIM27 was purchased from Proteintech Group (Wuhan, Hubei, China). Rabbit polyclonal antibodies specific for ERK1/2, p-ERK1/2, SAPK/JNK, p-SAPK/JNK, p38 MAPK, p-p38 MAPK, AKT, p-AKT, ATR (Ataxia Telangiectasia and Rad3 related) and p-ATR were purchased from Cell Signaling Technology (Boston, MA, USA). Mouse monoclonal antibody specific for Chk1 (checkpoint kinase 1) and rabbit monoclonal antibody specific for p-Chk1 were also purchased from Cell Signaling Technology. Rabbit polyclonal antibody specific for β-actin was purchased from ImmunoWay (Newark, DE, USA).
Immunohistochemistry (IHC) Analysis TRIM27 expression in 50 ovarian serous carcinomas and 26 normal control specimens was detected by IHC using the Histostain-Plus Kit (Beijing 4A Biotech, Beijing, China). The formalin-fixed and paraffin-embedded tumor tissue sections (4 μm) were deparaffinized in xylene and rehydrated in graded ethanol, followed by antigen microwave retrieval. The slides were washed and blocked with 3% H 2 O 2 and 10% goat serum and then incubated with anti-TRIM27 (1:100) overnight at 4°C. Next the slides were incubated with HRP-conjugated anti-rabbit IgG and Streptavidin/HRP, followed by diaminobenzidine (DAB) staining. The nuclei were counterstained with hematoxylin. All IHC staining was independently assessed by two experienced pathologists. The nuclear and cytoplasmic TRIM27 staining was divided into four grades according to staining intensity: − (score 0), + (score 1), ++ (score 2), and +++ (score 3). The percentage supplemented with 10% FBS. The above culture media contain penicillin (100 U/ml) and streptomycin (100 μg/ml).
siRNA and Transfection SKOV3 and OVCAR3 cells were transfected with siRNA targeting TRIM27 (GenePharma, Shanghai, China) and negative control siRNA using Lipofectamine 2000 according to the manufacturer's protocols (Invitrogen, Carlsbad, CA, USA). The target sequences are shown in Table 2 .
RNA Isolation and RT-PCR
Total RNA was extracted from ovarian cancer cells with TRIZOL regent (Invitrogen). cDNA was synthesized using the Reverse-Transcribe Kit (TIANGEN, Beijing, China) according to the manufacturer's instructions. RT-PCR was performed with TRIM27-specific primers (sense 5′-AGCAA ATCCAGAACCAGCTC-3′ and antisense 5′-AAATGATGGC ACCATTGATG-3′) and 2 × Taq MasterMix (TIANGEN) for 33 cycles (95°C for 30 s, 58°C for 30 s and 72°C for 30 s). Human β-actin (sence 5′-AGGCCAACCGCGAGAAGATG-3′ and antisense 5′-CACACGGAGTACTTGCGCTCAG-3′) were amplified as internal control.
Western Blotting
Cells were washed in PBS and collected in RIPA lysis buffer (Beyotime, Shanghai, China). Equal amount of protein was separated on SDS-polyacrylamide gel and then electrotransferred to PVDF membranes (Millipore, Billerica, MA, USA). The membranes were blocked with 2% BSA for 1 h at room temperature followed by incubation with rabbit anti-human TRIM27 antibody (1:1000), rabbit or mouse anti-human ERK1/2, p-ERK1/2, SAPK/JNK, p-SAPK/JNK, p38 MAPK, p-p38 MAPK, AKT, p-AKT, ATR, p-ATR, Chk1 and p-Chk1 (1:1000) overnight at 4°C and then incubated with 1:2000 dilution of secondary antibodies (goat anti-rabbit or mouse IgG). After washing, the signals were detected by the ECL Western Blot Kit (Thermo Scientific, MA, USA). The intensity of the target protein bands was normalized to the loading control β-actin.
Cell Viability Assay SKOV3 and OVCAR3 cells were, respectively, transfected with siRNA targeting TRIM27 and negative control siRNA using Lipofectamine 2000. Twenty-four hours later, the cells were reseeded in 96-well plates at 3000 cells/well, and the cells were allowed to grow for 24, 48 and 72 h. Cell viability was evaluated using CCK8 (Dojindo, Kumamoto, Japan) according to the manufacturer's instructions. The absorbance was determined at 450 nm using Bio-Rad Microplate Reader. The experiments were performed in triplicate and repeated three times.
Colony-Formation Assay SKOV3 or OVCAR3 cells were transfected with siRNA targeting TRIM27 and negative control siRNA. Twenty-four hours later, the cells were reseeded in six-well plates at 250 cells/well for SKOV3 or 500 cells/well for OVCAR3 cells. Two or 3 weeks later, the colonies were fixed in methanol for 20 min and then stained with 0.1% crystal violet. The number of colonies with ≥ 50 cells was counted, and colony forming efficiency was calculated (percentage of colonies = number of colonies formed/number of cells inoculated × 100%). The experiments were performed in duplicate and repeated three times.
Cell Cycle Analysis SKOV3 cells were transfected with siRNA targeting TRIM27 and negative control siRNA. After 48 h, the cells were washed Table 2 Sequences of siRNA used for TRIM27 knockdown Name Sequence Effect of TRIM27 on ovarian cancer cells Y Ma et al with cold PBS and fixed with 70% ethanol. The fixed cells were resuspended in PBS at a concentration of 1 × 10 6 cells/ml and incubated with 100 μg/ml of RNaseA at 37°C for 30 min. The cell suspension was stained by propidium iodide (PI), and DNA content was evaluated by flow cytometry using Beckman Coulter Cytomics FC500 (Beckman Coulter, Fullerton, CA, USA). The experiment was repeated three times.
Cell Apoptosis Analysis
Cell apoptosis was assessed using the Annexin V and PI Kit (Dojindo) according to the manufacturer's instructions. Briefly, SKOV3 cells were transfected with siRNA targeting TRIM27 and negative control siRNA. After 48 h, the cells were collected and washed twice with cold PBS. Then the cells were resuspended in binding buffer at a concentration of 1 × 10 6 cells/ml. One hundred microliters of the cell suspension (1 × 10 5 cells) was transferred to a 5-ml culture tube. Next, 5 μl of annexin V-APC and 5 μl of PI were added to the cell suspension and incubated for 15 min at room temperature in the dark. The stained cells were then diluted to 500 μl with binding buffer and analyzed with flow cytometry using the Beckman Coulter Cytomics FC500 (Beckman Coulter). The experiment was repeated three times.
In Vivo Study Using a Xenograft Nude Mouse Model
Fifteen female nude mice (Vital River Laboratories, Beijing, China) at 6-8 weeks of age were inoculated subcutaneously into the left flank with 9 × 10 6 SKOV3 cells in 100 μl normal saline (NS). Two weeks later, these mice were randomly divided into three groups, five mice/group. They were respectively treated with 30 μg of control shRNA (sense 5′-TT CTCCGAACGTGTCACGT-3′ and antisense 5′-ACGTGAC ACGTTCGGAGAA-3′) or TRIM27 shRNA (sense 5′-GGCAG TGTCTTTGTGGTATGGT-3′ and antisense 5′-ACCATACC ACAAAGACACTGCC-3′) (Sangon Botech, Shanghai, China) in 100 μl NS by intra-tumor injection every other day, for a total of five times injections. Intra-tumor injection of 100 μl NS acted as the control group. Tumor volume was assessed every day and calculated as follows: length × width × width × 0.4. All mice were killed after completion of treatment and tumors were removed for measurement of volume and weight. In addition, western blots were used to detect the efficiency of TRIM27 knockdown in tumors. The protocol was approved by the Animal Care and Utilization Committee of Shandong University. This study was also performed in full compliance with the guidelines for the welfare of animals in experimental neoplasia.
Statistical Analysis
The results were expressed as mean ± s.e.m. The Chi-square test and Student's t-test were performed to evaluate the statistical significance between two groups. Po0.05 was considered to indicate a statistically significant difference.
RESULTS

TRIM27 Expression Was Increased in Ovarian Serous
Carcinoma Cells and Correlated Positively to FIGO Stage And Tumor Metastasis IHC results from ovarian serous carcinoma cells showed that about 18% (9/50) were negative, 20% (10/50) expressed low levels of TRIM27, 44% (22/50) expressed medium levels of TRIM27 and 18% (9/50) expressed high levels of TRIM27. The positive staining for TRIM27 mainly existed in the cytoplasma of ovarian serous carcinoma cells, only a few of carcinoma cells expressed TRIM27 in the cytoplsma and nucleus. On the other hand, in normal ovarian and fallopian tube epithelial cells, 26.9% (7/26) were negative, 46.2% (12/26) expressed low levels of TRIM27, only 15.4% (4/26) expressed medium levels of TRIM27 and 11.5% (3/26) expressed high levels of TRIM27 (Figures 1a-d,Table 3 ). The TRIM27 staining was located in the cytoplasma of normal ovarian and fallopian tube epithelial cells. By statistical analysis, the expression of TRIM27 protein in ovarian serous carcinoma cells was significantly higher than that in normal controls (Figures 1e, Po0.001) . We further analyzed the relationships between the TRIM27 (Figure 1f , P = 0.0445) and tumor metastasis (Figure 1g , P = 0.0379) in ovarian serous carcinoma patients. However, there was no significant correlation of TRIM27 expression with any other factors, such as age, origin sites and pathological grade. FIGO stage was related to tumor size and metastasis, which suggests that TRIM27 could be involved in tumor growth and migration.
TRIM27 Was Highly Expressed in Human Ovarian Serous Carcinoma-Derived Cell Lines and TRIM27-Specific siRNA Downregulated the Expression of TRIM27
The expression of TRIM27 in human ovarian serous carcinoma-derived SKOV3, CAOV3, OVCAR3 and human ovarian mucous carcinoma-derived 3AO cells was detected by RT-PCR and western blotting. The results showed that TRIM27 was generally expressed in these four cell lines, but the expression of TRIM27 in SKOV3, OVCAR3 and CAOV3 cells was higher than that in the 3AO cell line (Figures 2a and  b) . We then transfected SKOV3 and OVCAR3 cells with TRIM27-specific siRNA or negative control siRNA to observe the efficiency of RNA interference. As shown in Figures 2c-f, SKOV3 and OVCAR3 cells transfected with three different sequences of TRIM27-specific siRNA showed lower expression of TRIM27 than the untreated or negative control groups as detected by RT-PCR and western blotting analysis.
Downregulation of TRIM27 Expression Suppressed the Proliferation and Colony-Forming Ability of Ovarian Cancer Cells
To determine the effect of TRIM27 on the proliferation of ovarian cancer cells, a CCK8 assay was used to detect cell viability of SKOV3 and OVCAR3 cells after downregulation of TRIM27 expression. The result showed that the SKOV3 cells transfected with TRIM27-specific siRNA grew significantly more slowly than untreated cells or the cells transfected with negative control siRNA (Figures 3a, Po0.01) . Additionally, the results from colony-formation assay indicated that the colony number and size of SKOV3-siTRIM27 cells were significantly reduced compared with the control groups (Figure 3c , Po0.001). The results were further confirmed in OVCAR3 cells; the cell viability and colony-forming capacity were lower in OVCAR3 cells transfected with TRIM27-specific siRNA than in control cells (Figure 3b , Po0.05; Figure 3d , Po0.01). Thus downregulation of TRIM27 expression could (e and f) OVCAR3 cells that were transfected with three different sequences of TRIM27-specific siRNA showed lower expression of TRIM27 than the untreated or negative control groups as detected by RT-PCR and western blotting analysis.
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inhibit the proliferation and colony-forming ability of ovarian cancer cells.
Downregulation of TRIM27 Expression Induced Cell Cycle Arrest and Apoptosis of Ovarian Cancer Cells
To explore the mechanism(s) by which TRIM27 affects proliferation of ovarian cancer cells, we used flow cytometry to detect the cell cycle and apoptosis of SKOV3 cells after transfection with TRIM27-specific siRNA. As shown in Figure 4a , cell number in S-phase in the siTRIM27 group was markedly increased compared with the siControl and untreated groups (Po0.05). We further detected S-phase checkpoint kinases ATR and Chk1. The results showed that downregulation of TRIM27 expression increased the (Figure 4b ). In addition, we found that reduced TRIM27 expression resulted in significantly higher apoptosis rate of SKOV3 cells (Figure 4c , Po0.05). These results indicate that downregulation of TRIM27 expression could induce cell cycle arrest and apoptosis of ovarian cancer cells.
Downregulation of TRIM27 Significantly Inhibited the Growth of Ovarian Cancer Cells In Vivo
To investigate the effect of TRIM27 expression on the growth of ovarian cancer cells in vivo, we established a xenograft nude mouse model using SKOV3 cells. As shown in Figures 5a and b, the tumors in mice treated with NS or control shRNA grew rapidly, whereas the growth of tumor in mice treated with TRIM27 shRNA was significantly inhibited. After completion of treatment, tumors were removed and tumor volume and weight were measured. The tumor volume in the shTRIM27 group (3.764 ± 1.161 mm 3 ) was markedly decreased compared with that in the shControl (7.582 ± 0.9224 mm 3 ) and NS groups (8.922 ± 1.323 mm 3 ) (Figure 5c, Po0.05) . The tumor weight in the shTRIM27 group (1.852 ± 0.557 g) was significantly lower than that in the shControl group (3.385 ± 0.273 g) as well as in the NS group (3.925 ± 0.678 g) (Figure 5d , Po0.05). Furthermore, results of western blotting showed that tumors injected with TRIM27 shRNA expressed lower levels of TRIM27 compared with the shControl and NS groups (Figure 5e ). These data suggest that downregulation of TRIM27 expression could inhibit the growth of ovarian cancer cells in vivo.
TRIM27 Played Important Roles by Affecting Cell Proliferation and Apoptosis-Related Pathways
To determine how TRIM27 has important roles in the cell proliferation and apoptosis, we examined cell proliferation and apoptosis-related pathways (MAPK pathway and AKT pathway) by western blotting. The results showed that downregulated TRIM27 resulted in increased expression of p-P38 in SKOV3 and OVCAR3 cells, while the expression of p-ERK1/2 and p-SAPK/JNK did not change (Figures 6a and  b) . In addition, downregulated TRIM27 suppressed the expression of p-AKT in SKOV3 and OVCAR3 cells (Figures 6c and d) . These results indicate that TRIM27 could have important roles by affecting cell proliferation and apoptosis-related pathways. Effect of TRIM27 on ovarian cancer cells Y Ma et al DISCUSSION TRIM27, which acts as the member of TRIM protein family, could participate in a broad range of biological processes, including tumor development and metastasis. 3 It has been reported that TRIM27 is highly expressed in endometrial endometrioid adenocarcinoma tissues compared with normal endometrium, and there is no significant association between TRIM27 expression and any of the clinicopathological parameters tested: age, FIGO stage, tumor grade, myometrium invasion, and pelvic lymph node metastasis. 13, 14 Iwakoshi et al 15 reported that TRIM27 expression was detected in the nuclei of lung cancer cells but not in non-malignant cells, and there was no significant relationship between TRIM27 expression and any of the factors, except for thyroid transcription factor 1 (TTF-1) expression. Tezel et al 16 reported that TRIM27 expression was observed in 41.4% of breast carcinomas but not in 10 benign breast tissues, and TRIM27 expression correlated with epidermal growth factor receptor II (ERBB2) protein expression and ERBB2 gene amplification in breast cancer. Furthermore, Tezel et al 16 found a significant association between TRIM27 expression and age; however, there were no statistically significant correlations of TRIM27 expression with tumor size, lymph node status, estrogen receptor, progesterone receptor and The above results showed that TRIM27 expression was upregulated in various tumor tissues, but there were differences in the associations of TRIM27 expression with clinicopathological characteristics of different cancer patients. This suggests that TRIM27 could be involved in the development and metastasis of some tumors, while the effective mechanism of TRIM27 may be tissue specific.
To elucidate the expression and clinical significance of TRIM27 in ovarian cancer, we evaluated the expression of TRIM27 protein in three human ovarian serous carcinoma-derived cells, SKOV3, OVCAR3 and CAOV3, and one human ovarian mucinous carcinoma-derived cell line, 3AO, as well as 50 ovarian serous carcinomas, 26 normal ovarian and fallopian tube tissues. We also analyzed the association of TRIM27 expression with clinical and pathological parameters. We found that TRIM27 protein was mainly located in the cytoplasma of ovarian serous carcinoma cells and normal ovarian and fallopian tube epithelial cells. Moreover, TRIM27 expression was higher in ovarian serous carcinoma cells than that in normal ovarian and fallopian Effect of TRIM27 on ovarian cancer cells Y Ma et al tube epithelial cells, and high expression of TRIM27 was significantly related to FIGO stage of ovarian serous carcinoma patients. Our results also showed that the ovarian carcinomas expressing higher levels of TRIM27 were easy to have metastasis. Among patients with metastasis, most of them had fallopian tube, uterus, omentum, intestinal wall or appendix involvement, and few of them had lymph node or distant metastasis. These data indicate that TRIM27 expression could participate in the progression of ovarian cancer.
When our manuscript was being prepared, another study on TRIM27 in ovarian cancer by Horio et al 17 was published. They detected the expression of TRIM27 in different histological types, including serous, mucinous, endometrioid carcinomas and clear cell carcinoma, by IHC and analyzed the associations of TRIM27 expression with clinicopathological factors of these patients. However, there were some differences between their results and ours. Their results showed that strong TRIM27 expression was specifically detected in the nuclei of serous, mucinous, endometrioid carcinomas and clear cell carcinoma but not in those of nonmalignant cells surrounding the cancer cells. We speculate that TRIM27 may shuttle between the cytoplasma and nucleus, which induces different subcellular distributions of TRIM27. In addition, they observed that no significant association was found between TRIM27 expression and any clinicopathological parameters, including age, FIGO stage and histological type. This may be because we only analyzed the association of TRIM27 expression with clinical and pathological parameters of ovarian serous carcinoma patients, while they analyzed the relationship between TRIM27 expression and clinical and pathological parameters of different histological types of ovarian cancers.
At present, the mechanism by which TRIM27 expression contributed to the clinical outcome of cancer patients remains unclear. Tsukamoto et al 13 reported that TRIM27 knockdown affected the proliferation of human cervical adenocarcinoma cell line HeLa cells but not of the other two cell lines (human endometrial adenocarcinoma cell line HE50 and human breast adenocarcinoma cell line MDA-MB-231 cells). These findings further suggest that TRIM27 may have cell-type-or tissue-specific function and TRIM27 may regulate the expression of different genes involved in cell proliferation. To further explore the role of TRIM27 in ovarian carcinogenesis, we investigated the effect of TRIM27 knockdown on the proliferation of ovarian cancer cells in vitro and in vivo. TRIM27 knockdown not only inhibited the proliferation and colonyforming ability of SKOV3 and OVCAR3 cells in vitro but also suppressed the growth of SKOV3 cells in nude mice. Our results are not in accordance with the report of Horio et al. 17 They found that TRIM27 knockdown did not affect the proliferation rate of ovarian cancer cell lines in vitro, while shRFP-expressing cells exhibited a significant decrease in tumor growth in an athymic mouse xenograft model compared with shControl-expressing cells. The reason of this discrepancy needs to be further investigated.
Next we evaluated the effect of TRIM27 knockdown on cell cycle and early apoptosis of ovarian cancer cells. Our results showed that TRIM27 knockdown increased cell number in S-phase in SKOV3 cells, suggesting that downregulation of TRIM27 expression induced the S-phase arrest of ovarian cancer cells. ATR and Chk1 are required for the S-phase checkpoint. Chk1 is regulated by ATR through phosphorylation, forming the ATR-Chk1 pathway. It has been reported that the activation of Chk1 could phosphorylate a variety of substrate proteins, resulting in cell cycle arrest. 18 Therefore, we detected the expression of ATR, p-ATR, Chk1 and p-Chk1 and found that downregulation of TRIM27 expression increased the expression of p-ATR and p-Chk1, which suggests that TRIM27 downregulation could activate S-phase checkpoint kinases and induce S-phase arrest. In addition, the results of Annexin V/PI double dyeing showed that reduced TRIM27 expression in SKOV3 cells resulted in significantly higher apoptosis. Therefore, we speculate that TRIM27 may regulate cell proliferation by affecting the cell cycle and apoptosis of ovarian cancer cells. Similarly, Horio et al 17 reported that RFP depletion by siRNA sensitized the ovarian cancer cell lines to carboplatin and paclitaxel through an increase in apoptosis. However, So Dho and Kwon 19 reported that overexpression of TRIM27 induced apoptosis of human embryonic kidney 293 cells by two distinct cell death pathways: one via caspase pathway independent of mitochondrial events, and one via stress-activated MAP kinase pathway that involves JNK and P38 kinase. This may be because different cell types were studied.
TRIM27 is a fusion partner with the RET tyrosine kinase 5 ; the catalytic activity level of the hybrid TRIM27-RET protein is higher than that of RET alone. Expression of the fusion proteins is thought to result in ligand-independent kinase activation and subsequent cell proliferation and tumorigenesis. As RET participates in cell proliferation and differentiation via the Ras-MAPK and PI3K-AKT pathways, we speculate that TRIM27 take effects by the same pathways. 20, 21 We next detected the effect of TRIM27 knockdown on the activation of MAPK pathway (ERK1/2, p-ERK1/2, SAPK/JNK, p-SAPK/JNK, P38 MAPK, p-P38 MAPK) and PI3K-AKT (AKT and p-AKT) pathways. The results showed that TRIM27 knockdown increased the expression of p-P38 and decreased the expression of p-AKT, whereas it had no effect on the expression of p-ERK and p-JNK. It has been reported that the p38MAPK pathway could participate in a variety of physiological and pathological processes, including cell proliferation, cell cycle regulation and cell apoptosis. 22, 23 Palanivel et al 24 found that Verrucarin A (VA) induces apoptosis and cell cycle deregulation in MCF-7 cells through ROS-dependent p38MAPK activation. Kim et al 25 also reported that the activation of the p38MAPK pathway induced Bax phosphorylation and mitochondrial translocation and apoptosis of HepG2 cells. In addition, PI3K/AKT signaling pathways have important roles in regulating cell proliferation, cycle and apoptosis by inducing the activation of major downstream effectors, such as Bad, caspase 9, IKKα, GSK-3, FKHR, p21 and p27. 26, 27 AKT activation could enhance resistance to apoptosis and induce cell survival signaling through multiple downstream pathways. [28] [29] [30] [31] Combined with these results, we speculate that TRIM27 knockdown could promote the activation of the p38MAPK pathway and suppress the activation of the PI3K/AKT pathway and then inhibit cell proliferation and induce cell apoptosis and cell cycle arrest. However, the exact effect mechanism of TRIM27 in ovarian carcinogenesis needs to be explored in the future.
In conclusion, we demonstrated that TRIM27 expression was significantly increased in ovarian serous carcinoma cells and correlated positively to metastasis and FIGO stage of patients with ovarian serous carcinoma. TRIM27 knockdown could inhibit cell proliferation and colony-forming ability and induce cell cycle arrest and apoptosis of ovarian cancer cells by upregulating the expression of p-P38 and downregulating the expression of p-AKT. These results suggest that TRIM27 could be involved in tumor development and may be a new molecular target for diagnosis and treatment of ovarian cancer.
